The aim of this study was to investigate the effect of seven different levels (0, 25, 50, 100, 200, 400, and 600 mg/kg) of a phytogenic feed additive containing a mixture of essential oils from thyme, black cumin, fennel, anise and rosemary on performance, eggshell quality, bone biomechanical properties and bone mineralization in laying hens. This study consisted of a total of 112, 21-weekold super nick laying hens, which were randomly distributed into seven experimental groups. during the 12-week experimental period, each experimental group of four replicates of four birds each was fed with seven treatment diets. egg weight and egg mass were positively linearly affected by essential oil mixture supplementation. also, eggshell thickness was increased quadratically by essential oil mixture supplementation. The biomechanical properties and tibia mineral content were adversely affected by essential oil mixture supplementation at the level of 600 and 400 mg/ kg, respectively. These results demonstrated that dietary supplementation with a low or medium concentration of essential oils improved bone parameters, while at high levels were adversely affected in laying hens.
The use of phytogenic feed additives such as plant extracts and essential oils in poultry nutrition has gained recent interest, through the ban of using antibiotics. Generally, the interest in essential oils as feed additive has mainly focused on the effect on performance (Çabuk et al., 2006; Bozkurt et al., 2012 a, b; Bölükbaşı et al., 2008; Kaya et al., 2013) , eggshell quality traits (Bölükbaşı et al., 2008; Bozkurt et al., 2012 a, b; Kaya et al., 2013; Olgun and Yıldız, 2014) , antimicrobial activity (Cross et al., 2007; Jang et al., 2007; Bölükbaşı et al., 2008; Cao et al., 2010) , antioxidants (Botsoglou et al., 2005; Krause and Ternes, 1999) , nutrient digestibility (Hernandez et al., 2004; Cao et al., 2010; Amad et al., 2011) or lipid metabolism (Bölükbaşı et al., 2008; Kaya et al., 2013) . Bozkurt et al. (2012 a) reported the beneficial effects of supplementation with feed-grade essential oil mixture (EOM; 24 mg/kg) on the egg production and egg weight of Lohmann LSL White and Lohmann Brown layers. In addition, Kaya et al. (2013) indicated that supplementation of a mixed herbal product containing Origanum vulgare, Thymus vulgaris, thyme oil, origanum oil, garlic oil, anise oil and fennel oil (500, 750, and 1,000 mg/kg) to diets of laying hens improved eggshell stiffness and thickness.
The bone in laying hens is an important mineral source for metabolic requirements and eggshell formation, which has a major influence on the economics of the egg industry. In a very limited number of studies, the effects of phytogenic feed additives or essential oils in the diet on the bone have been studied. Świątkiewicz et al. (2014) stated that the dietary addition of 200 mg/kg of herb extract mixtures (Taraxaci siccum, Urticae siccum and Salviae siccum) increased the breaking strength of femur and tibia in laying hens. Similarly, Mühlbauer et al. (2003) demonstrated that essential oils (sage, rosemary and thyme) and monoterpenes are efficient inhibitors of bone resorption in rats.
Although only few studies investigate the effect of phytogenic feed additives or essential oils on bones, more studies have been performed to determine the effect on minerals necessary for normal bone and eggshell formation in poultry (Lim and Paik, 2003; Świątkiewicz and Koreleski, 2008) . Numerous reports have shown that dietary addition of phytogenic feed additives or essential oils resulted in an increase in serum phosphorus (Akbarian et al., 2015) and plasma zinc (Zn) (Torki et al., 2015) , and a decrease in plasma calcium (Ca) (Capkovicova et al., 2014) , or were ineffective on mineral levels in poultry (Ali et al., 2007; Cao et al., 2010; Lokaewmanee et al., 2014) . In contrast, Olgun and Yıldız (2014) noted that the dietary addition of EOM (400 or 600 mg/kg) containing a mixture of essential oils from thyme, black cumin, fennel, anise and rosemary reduced the excretion of minerals (Ca, P, magnesium (Mg), manganese (Mn) and Zn) in breeder quails. The findings of Amad et al. (2011) showed that the phytogenic feed additive as thyme and star anise oils to the broiler diets caused a linear increase in the apparent ileal digestibility of Ca and P, respectively. Also, they concluded that the improvement in the digestibility of nutrients could be due to the stimulation effect of the phytogenic feed, which increased absorption surface area in the intestine and endogenous digestive enzymes.
The aim of this study was to determine the effect of different levels of dietary EOM supplementation on the performance, egg quality, tibia biomechanical properties and mineral contents of bone in laying hens.
material and methods
A total of 112, 21-week-old, Super Nick laying hens were randomly allotted to seven equal groups according to dietary treatments. Each group included four replicates with four laying hens. The hens were fed with a basal diet based on corn-soy-bean meal, containing 17.10% crude protein, and corresponding to a metabolisable energy of 11.52 MJ/kg (Super Nick, 2012; Table 1 ). All hens in the first group were fed on a basal diet and considered as control, while those in the 2nd, 3rd, 4th, 5th and 6th groups were fed the same diet but supplemented with 25, 50, 100, 200, 400 and 600 mg EOM/kg diet throughout the experimental period of 12 weeks. The EOM was composed with equal amounts of five totally different essential oils (i.e., thyme oil, black cumin oil, fennel oil, anise oil, and rosemary oil (as active ingredients; thymol, p-Cymene, α-and β-pinene, anethole, and cineole, respectively)). The birds were housed in an environmentally controlled room equipped with 28 metal battery cages (50×40×50 cm), while they were fed and watered ad libitum throughout the experimental period. Also, all hens were daily exposed to 16 lighting hours from 06:00 to 22:00 with light intensity of 8 lux/m² throughout the experimental period. Criteria specified by the NIH (National Institute of Health Guide for the Care and Use of Laboratory Animals) were followed during the study period. Initial and final body weight (BW) of hens were recorded by weighing the hens using a 1.0 g precision scale. Egg production rate (EPR) was recorded daily. Feed intake (FI) and egg weight (EW) were recorded bi-weekly. Egg mass (EM) was calculated from the bi-weekly EPR and EW data using the formula: EM = (EPR× EW)/Period (days). The feed conversion ratio (FCR) was calculated using the formula: FCR = FI/EM. The egg quality characteristics (specific gravity, shell breaking strength, shell weight, and shell thickness) were evaluated using random samples of 10 eggs from each replicate, thereby totaling 40 eggs from each treatment. Specific gravity was determined on the day of collection using graded salt solutions ranging from 1.080 to 1.090, with gradations of 0.005 (Holder and Bradford, 1979) . Eggshell breaking strength was measured using a cantilever system by applying increasing pressure to the broad pole of the shell using an Egg Force Reader (Orka Food Technology Ltd., Ramat Hasharon, Israel). The eggs were broken to determine eggshell, albumen and yolk weights. The eggshells were rinsed in running water and dried in an oven at 60°C for 12 h. Eggshells were weighed using a 0.01 g precision scale.
Eggshell percentage was calculated using the formula:
Eggshell thickness (including the membranes) was determined at three points on the eggs (one point on the air cell and two randomized points on the equator) using a micrometer (Mitutoyo Inc., Kawasaki, Japan).
Hens (one hen per replicate and four hens per treatment group) were killed by cervical dislocation, and then the left and right tibias with some attached flesh were collected. Bones were excised from all flesh and proximal cartilages were removed. While the left tibias were used for the determination of mineral contents, the right ones were used for measuring the bone mechanical properties. The sample tibias were placed in a plastic container and stored at −20ºC until analysis. The bone samples were thawed at room temperature for 6 h in an air-conditioned room before the measurements began. The bone mechanical properties were determined from the load-deformation curve generated from a three-point bending test (ASAE Standard S459, 2001) using an Instron Universal Testing Instrument (Model 1122; Instron, Canton, MA) and the Test Works 4 software package (version 4.02; MTS System Corporation, Eden Prairie, MN). The crosshead speed was constant at 5 mm per min. The full-scale load of the load cell was 5,000 Newton (N). Shear tests were performed on the tibia using a double-shear block apparatus. The shear force was exerted over a 6.35-mm (0.25-inch) section located at the centre of the diaphysis. These tests enabled the ultimate shear force and shear stress to be evaluated for each bone. The mean wall thickness (cortex thickness) of the tibia was measured using digital calipers (precision of 0.001 mm) at two points on the central axis of the broken tibia that was used to determine the mechanical properties. These mechanical properties of the bone are described by Wilson and Ruszler (1996) and Armstrong et al. (2002) .
Tibia mineral contents were determined using MarsXpress Technology Inside and an Inductively Coupled Plasma Atomic Emission Spectrometer (Vista AX CCD Simultaneous ICP-AES, Varian, Mulgrave, Australia). Approximately 0.20 g dried sample (bone with marrow removed) was introduced into a burning cup and 5 mL nitric acid, 3 mL perchloric acid and 2 mL hydrogen peroxide were added. The sample was incinerated in a MARS 5 Microwave Oven (CEM, Corp., Mathews, NC, USA) at 190°C and 1.207 kPa pressure, and subsequently diluted to 50 mL with distilled water. The mineral concentrations were determined using an ICP-AES (Skujins, 1998) .
Data were analyzed by one-way ANOVA using the SPSS 18.0 software package (SPSS Inc., Chicago, IL, USA), using the cage mean as an experimental unit. A probability value of P <0.05 was considered statistically significant. Orthogonal polynomial contrasts were used to assess the significance of linear and quadratic models to describe the response of the dependent variable to a rising EOM level.
results
The changes in BW, EPR, EW, EM, FI, and FCR results are presented in Table 2 . However, EW linearly increased with increasing EOM supplementation, especially at 200 or 400 mg/kg (P≤0.001). Also, the egg mass linearly increased (P≤0.05) in laying hens supplemented with 50 mg/kg EOM compared to those supplemented with 0, 25, and 100 mg/kg EOM. Addition of EOM had no effects on the bodyweight change, EPR, FI, FCR and mortality (data not shown). The eggshell quality traits, such as specific gravity, egg breaking strength, eggshell weight and eggshell thickness are presented in Table 3 . There was a quadratic effect of EOM on eggshell thickness (P≤0.001); therefore, the eggshell thickness was positively influenced by the additional dietary EOM. The biomechanical properties of the bones in the laying hens supplemented with EOM are shown in Table 4 . The shear force and shear stress increased quadratically (P≤0.01 and P≤0.05, respectively) with the addition of EOM, but they were minimized by the addition of 600 mg/kg of EOM. The Ca concentration in the tibia increased quadratically (P≤0.01) by dietary EOM supplementation, while the highest level was recorded for hens supplemented with 100 mg EOM/kg diet ( Table 5) . The Zn content of the bones was influenced quadratically (P≤0.01) by dietary EOM supplementation and a minimum value was observed at a supplementation level of 400 mg/kg EOM. The cortex thickness, cortex cross-section area, and P, Mg or Mn contents of tibia were not affected by EOM supplementation at different levels. 
discussion
In this study, dietary supplementation with 400 mg/kg EOM significantly improved EW, while the supplementation with 50 mg/kg of EOM significantly improved EM as compared with the control group. Similar to the results of this study, the addition of EOM (24 mg/kg) to the diet had a positive effect on EW in laying hens in the study of Bozkurt et al. (2012 a) . Also, Bölükbaşı et al. (2008) found that EW was improved by supplementation of the diet by thyme, sage, and rosemary oil in laying hens. However, previous studies showed that essential oil supplementation, either individually or as a blend, did not affect performance in laying hens (Ali et al., 2007; Bozkurt et al., 2012 b; Kaya et al., 2013) , broiler breeders (Bozkurt et al., 2009) or quails (Çabuk et al., 2014; Olgun and Yıldız, 2014) . The essential oils might improve the functions of the ovary and/or the digestibility of nutrients in the intestine and consequently increase EW and EM in laying hens.
The present study distinctly demonstrated that the eggshell thickness was quadratically increased when laying hens were fed to the diets supplemented with EOM. The specific gravity, egg breaking strength and eggshell weight were not affected by adding EOM. These results are partially supported by the findings of Kaya et al. (2013) , who indicated that supplementation of feed mixtures with plant extracts of Origanum vulgare and Thymus vulgaris and oils of thyme, origanum, garlic, anise and fennel (500, 750, and 1,000 mg/kg) improved eggshell thickness, but did not affect the eggshell weight of laying hens. However, Bozkurt et al. (2012 a) reported that supplementation with 24 mg/kg EOM had no effect on the specific gravity or eggshell thickness, and increased the eggshell weight of laying hens. In addition, Botsoglou et al. (2005) demonstrated that the dietary supplementation of laying hens by rosemary (5 g/kg), oregano (5 g/kg), and saffron (20 mg/kg) had no effect on eggshell thickness. Another study reported that supplementation with 0.25% thyme and 0.25% anise did not affect eggshell weight or thickness in native laying hens (Ali et al., 2007) . On the other hand, Olgun and Yıldız (2014) noted that eggshell weight was not affected by supplementation with EOM, but that eggshell thickness was significantly reduced by supplementation with 400 or 600 mg/kg EOM in quail breeders.
Essential oils, which possess lipophilic properties, can easily cross cell membranes and affect bone cell functions by stimulating or inhibiting specific molecular pathways, and can increase osteoblast proliferation by mitogen-activated protein kinase, which is critical for cell survival, thereby increasing bone mineral density and bone strength (Sabbieti et al., 2011) . The present study clearly demonstrated that the shear force and shear stress of the tibia significantly decreased for hens that were fed with the highest level (600 mg/kg) of EOM; nevertheless, the highest shear force and shear stress were obtained in hens fed with 50 and 25 mg/kg EOM, respectively. Few studies have been performed to determine the effect of phytogenic feed additives on the biomechanical properties of bone, and the dosage, species and combinations of herbs used in these studies also differed greatly. Świątkiewicz et al. (2014) stated that the dietary addition of 200 mg/kg of a blend of herbal extracts (Taraxaci siccum, Urticae siccum and Salviae siccum) with a high dried distillers' grains and solubles increased the breaking strength of the femur and the breaking strength and yielding load of the tibia in laying hens. Similarly, Zhou et al. (2009) found that supplementation with 1 g/kg of a mixture of four Chinese herbs (Herbal Epimedii, Rhizoma Drynariae, Rhizoma Atractylodis, and Radix Astragali) increased the tibia breaking strength in older laying hens. Mühlbauer et al. (2003) demonstrated that various monoterpene components present in sage oil strongly inhibited bone resorption in vivo and in vitro. These results indicate that the addition of phytogenic feed additives or essential oils to the diet have a positive influence on bone in laying hens. In the present study, dietary addition by the two lowest concentrations of EOM non-significantly increased the shear force and shear stress of the tibia by 14.5% and 17.7%, respectively, compared to those in hens fed with the control diet. However, the highest level (600 mg/kg) of EOM supplementation to the diet had a negative effect on the biomechanical properties of the tibia.
In the present study, the Ca and Zn contents of tibia were quadratically influenced by dietary EOM supplementation. The Ca concentration of the tibia was increased by the addition of EOM to the diet and reached the highest value following supplementation by 100 mg/kg EOM (P≤0.01). The Zn content in the tibia non-significantly increased with the addition of EOM, but was significantly decreased by the addition of the 400 mg/kg EOM, in comparison with that in the control group (0 mg/kg). To our knowledge, no data concerning the effect of essential oils or herbs on the contents of Ca, Zn or other minerals in bone are available in animals; nevertheless, Olgun and Yıldız (2014) reported that supplements of 400 or 600 mg/kg EOM decreased the excretion of minerals, including Ca, and Zn in breeder quails. Similarly, Amad et al. (2011) and Mountzouris et al. (2011) indicated that supplementation of essential oils to the diet increased ileal Ca bioavailability in broilers. However, some studies reported that the dietary addition of essential oils or herbs did not affect plasma (Ali et al., 2007) or ileal (Cao et al., 2010; Maenner et al., 2011 ) Ca concentrations. Capkovicova et al. (2014 also reported that the addition of sage extract (0.05 and 0.01%) decreased the plasma Ca content in layer chickens. Vali et al. (2013) found that supplementation of thyme and cinnamon to the diet increased the egg mineral content (iron, Zn, and copper) compared to that in control quails. Similarly, Taranu et al. (2012) noted that the contents of plasma P and Mg, spleen micro-minerals, and liver Mn and Zn were not affected in piglets fed diet containing 0.04% EOM.
The increase in Ca and Zn concentrations in the bone could be attributed to the stimulation of endogenous digestive enzymes or may be due to an increased surface area in the intestine (Amad et al., 2011) , which can decrease intestinal pH (Denli et al., 2004; Cao et al., 2010) , inhibit the population of harmful microorganisms in the intestine (Bölükbaşı et al., 2008; Mountzouris et al., 2011; Jiang et al., 2015) , and positively influence bone-cell function (Sabbieti et al., 2011) .
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